Hybrid vigor or heterosis refers to the superior performance of F 1 hybrid plants over their parents. Heterosis is particularly important in the production systems of major crops. Recent studies have suggested that epigenetic regulation such as DNA methylation is involved in heterosis, but the molecular mechanism of heterosis is still unclear. To address the epigenetic contribution to heterosis in Arabidopsis thaliana, we used mutant genes that have roles in DNA methylation. Hybrids between C24 and Columbia-0 (Col) without RNA polymerase IV (Pol IV) or methyltransferase I (MET1) function did not reduce the level of biomass heterosis (as evaluated by rosette diameter). Hybrids with a mutation in decrease in dna methylation 1 (ddm1) showed a decreased heterosis level. Vegetative heterosis in the ddm1 mutant hybrid was reduced but not eliminated; a complete reduction could result if there was a change in methylation at all loci critical for generating the level of heterosis, whereas if only a proportion of the loci have methylation changes there may only be a partial reduction in heterosis.
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heterosis | hybrid vigor | Arabidopsis | DNA methylation | DDM1 H eterosis or hybrid vigor describes the phenomenon where hybrids exhibit superior performance in many traits relative to their parental inbred lines. This phenomenon has been widely used in the breeding of crop and vegetable cultivars through F 1 hybrid seed production systems.
Genetic approaches using quantitative trait locus analysis have been applied to some crop species and revealed that a large number of genes contribute to heterotic phenotypes by dominant, overdominant, or epistatic changes in gene activity (1, 2) . Because heterosis requires genetic variation between parental inbred lines, parental genetic distance could be a useful indicator for hybrid performance. However, the relationship between genetic distance and heterosis is not straightforward (3) . Recently developed molecular analyses such as transcriptomics, proteomics, metabolomics, and epigenomics (including DNA methylomes, small RNAomes, and genomewide distribution of histone modifications) allow us to study the molecular basis of heterosis in more detail (4) (5) (6) (7) .
The plant phenotype is controlled both genetically and epigenetically. In plants, epigenetic marks such as DNA methylation or histone modification vary among species or accessions (8, 9) . Recently, the possibility that epigenetic regulation might contribute to heterosis has been suggested (10) (11) (12) (13) (14) . There are two types of DNA methylation, de novo and maintenance DNA methylation. The process of de novo DNA methylation is triggered by 24-nt siRNAs produced by the RNA interference (RNAi) pathway, RNA-directed DNA methylation (RdDM). Two plant-specific RNA polymerases, Pol IV and Pol V, along with RDR2 (RNA-dependent RNA polymerase 2), DCL3 (Dicer-like 3), and AGO4 (Argonaute 4) function in this RdDM pathway in Arabidopsis thaliana. In maintenance DNA methylation, CG context methylation is maintained by MET1 (Methyltransferase 1), and non-CG contexts are maintained by two Domains Rearranged Methyltransferase (DRM) enzymes, Chromomethylase 2 (CMT2) and CMT3 (15, 16) . In addition to DNA methyltransferases, a chromatin remodeling factor, Decrease in DNA Methylation 1 (DDM1), is involved in the maintenance of DNA methylation (15) .
In A. thaliana, Columbia-0 (Col) × C24 and Landsberg erecta (Ler) × C24 hybrids show heterosis in vegetative biomass (17, 18) , and the hybrids with different parental combinations show different levels of heterosis throughout their lifecycle (19) (20) (21) . The heterosis phenotype is seen at an early developmental stage where hybrids have an increased cotyledon size relative to the parents at only a few days after sowing (18, 22) . The efficiency of the photosynthetic process is the same in parents and C24 × Col hybrids, but the total amount of photosynthesis is greater in the hybrids than in parents because of the larger leaves; this increased total amount of photosynthesis may be important for the heterosis phenotype (18) .
In this study, using plant size selection in backcross generations, we showed that two backcrosses enabled sufficient recovery of the genetic background to produce heterosis when crossed to another parental line. We also examined whether Pol IV, MET1, or DDM1, all important for DNA methylation, are involved in heterosis in A. thaliana.
Results
Three F 1 Hybrid Combinations Show Heterosis in Seedling Size. Hybrids from different parental combinations show different patterns of vegetative growth (21) . Biomass heterosis evaluated by
Significance
Hybrid vigor is an important phenomenon in basic genetics and in agricultural practice, but the bases of the superior performance of the hybrid relative to its parents in biomass and seed production remain elusive. In recent years, it has been suggested that epigenetic controls on levels of gene action are involved. Using mutants of genes involved in DNA methylation, we show that RNA polymerase IV or methyltransferase I do not contribute to the generation of the heterotic phenotype but that decrease in DNA methylation 1, a nucleosome remodeller with an effect on DNA methylation level, is required to produce a full level of hybrid vigor.
rosette diameter (RD) is observed in C24 × Col hybrids at early seedling stages (18) . In this study, we compared the RD in C24 × Cvi and Col × Cvi hybrids with their parental lines at 14, 18, 21, 25, and 28 days after sowing (DAS) in addition to the comparison between C24 × Col and its parental lines ( Fig. 1 A and B) . The RD in C24 × Col hybrids is larger than that of the better parent value (BPV) from 14 to 28 DAS (Fig. 1B) . At 14 DAS, the RD in C24 × Cvi hybrids was smaller than that of C24 × Col hybrids, whereas the RD in Col × Cvi hybrids was the same as that in C24 × Col hybrids (Fig. 1A) . The ratio of RD between the F 1 and the BPV (termed rBPV) in the C24 × Cvi hybrid is smaller than that in C24 × Col hybrids, and rBPV in Col × Cvi hybrids was the same as that in C24 × Col hybrids at 14 DAS (Fig. 1B) . This result indicated that Col × Cvi hybrids have obvious heterosis, whereas C24 × Cvi hybrids have moderate heterosis at 14 DAS. At 28 DAS, the plant sizes of the three hybrids were the same (Fig.  1A ), but rBPVs in C24 × Cvi and Col × Cvi hybrids were lower than that in the C24 × Col hybrid (Fig. 1B) . These results indicate that the heterosis in C24 × Cvi and Col × Cvi hybrids is only moderate at 28 DAS, due to the large RD in the better parental line; the RD in Cvi was larger than that in Col or C24 at 28 DAS (Fig. 1A) . The parental ecotypes have different alleles of the two flowering time genes, FRI and FLC, (Materials and Methods) that determine the flowering time of the hybrids in the different parental crosses. Flowering time in C24 × Col and C24 × Cvi hybrids was later than in the parental lines, whereas flowering time in Col × Cvi hybrids was the same as the parental lines (SI Appendix, Fig. S1 ). We measured heterosis before and after flowering for each line and found that all three hybrids had heterotic growth before the flowering time of their parents; the Col × Cvi early flowering hybrid had decreased heterosis after flowering.
We measured rosette diameter in F 2 generations derived from C24 × Col and Col × C24 hybrids. The averages of the ratio of the RD in F 2 plants derived from C24 × Col and Col × C24 at 14 DAS compared with the C24 × Col hybrid were 0.82 or 0.92, respectively (Fig. 2) . We produced a BC 1 (Fig. 2) . These scores are similar to the parental lines: 0.83 in Col and 0.82 in C24 (Fig. 2) . We produced BC 2 F 1 plants by crossing BC 1 F 1 plants with each parental line. The averages of the ratio of RD in BC 2 F 1 (Col) and BC 2 F 1 (C24) compared with the F 1 hybrid were 0.78 and 0.75, respectively, at 14 DAS (Fig. 2) . We crossed BC 2 F 1 plants with the parents to produce BC 3 F 1 plants. The averages of the ratio of RD in BC 3 F 1 (Col) and BC 3 F 1 (C24) compared with the F 1 hybrid were 0.85 and 0.88, respectively, at 14 DAS (Fig. 2) .
We crossed BC 1 F 1 plants with the alternative parent. The averages of the ratio of RD in BC 1 F 1 (Col) × C24 and BC 1 F 1 (C24) × Col hybrids compared with F 1 were 0.84 and 0.95, respectively, at 14 DAS. Again, we made the hybrids between BC 2 F 1 (Col) and C24 or between BC 2 F 1 (C24) and Col. The averages of the ratio of RD in BC 2 F 1 (Col) × C24 and BC 2 F 1 (C24) × Col hybrids compared with F 1 was 0.96 and 1.01, respectively, at 14 DAS (Fig. 2) . These results show that two backcrosses were sufficient to generate F 1 equivalent heterosis in crosses of BC 2 plants with the alternative parent plant.
Establishment of Seedling Heterosis Is Independent of Pol IV Activity.
There is nonadditive 24nt-siRNA content in heterotic F 1 hybrids, suggesting that a change in 24nt-siRNA levels with associated changes in the pattern of gene expression in the F 1 hybrids may contribute to the heterotic phenotype (17, 23) . Pol IV is a key enzyme for generating 24nt-siRNAs (16, 24) . To identify the contribution of 24nt-siRNAs to seedling heterosis, we crossed pol IV mutants in both parental accessions [nrpd1a-3 (SALK_128428) in Col, and sde4-2 in C24; ref . 25] . We confirmed the reduction of the 24nt-siRNAs, siRNA02 and siRNA1003, by Northern blot analysis (Fig. 3B) , decrease of DNA methylation levels in AtSN1 by chop-PCR (Fig. 3C) , and transcriptional activation of the AtSN1 and Solo LTR by RT-PCR in the pol IV mutant hybrids (Fig. 3D) . The reciprocal F 1 hybrids between nrpd1a-3 and sde4-2 developed heterosis at the same level as the C24 × Col wild-type hybrids ( Fig. 3 and SI  Appendix, Fig. S2) .
We examined the expression levels of 27 genes in the pol IV mutant hybrids, and these genes had shown nonadditive expression in wild-type C24 × Col hybrids; 16 genes had expression levels greater than the midparent value (MPV) and 11 genes had expression levels less than the MPV (18) . Most of the genes have the same differential expression in the mutant and wild-type hybrids. Two of the 27 genes showed differential expression between the pol IV mutant hybrids and wild-type hybrids (SI Appendix, Fig. S3 ). We compared the expression level of these two genes in nrpd1a-3 and wild-type Col or between sde4-2 and wild-type C24; they showed differential expression only between nrpd1a-3 and Col, indicating that the expression in the pol IV mutant hybrids relative to wild-type hybrids was due to an increased expression level of the Col allele in the presence of the pol IV mutation (SI Appendix, Fig. S3 ). We used two approaches to examine the involvement of MET1, or maintenance CG methylation, in heterosis. We made met1-RNAi knockdown lines in a C24 background (SI Appendix, Fig.  S4A ). Hybrids between met1-RNAi (C24) and met1-1 (Col) had RDs the same as in the C24 × Col wild-type hybrids (SI Appendix, Fig. S4 B and C) . The expected decreased CG methylation of the promoter region of FIS2 in the hybrids between met1-RNAi (C24) and met1-1 (Col) was confirmed by bisulfite sequencing (SI Appendix, Fig. S5 ).
We crossed met1-1 (Col) to C24 and generated the BC 2 F 1 (C24), which was heterozygous for the met1-1 mutation. We crossed met1-1 to BC 2 F 1 (C24) (MET1/met1) and obtained hybrids being homozygous or heterozygous met1-1; there was no size difference between the plants with these two genotypes (Fig. 4) . The RD in the BC 2 F 1 (C24) × met1-1 hybrid was larger than in the parents, BC 2 F 1 (C24) and met1-1 (Col) (Fig. 4) . Decreased CG methylation of the homozygous met1 hybrid plants from the cross between BC 2 F 1 (C24) (MET1/met1) and met1-1 was confirmed by bisulfite sequencing of three control loci (SI Appendix, Fig. S5 ).
DDM1 Is Involved in the Maintenance of Heterosis. The first generation of the ddm1 mutation in both the Col and C24 has rosette diameters closely similar to the wild type (Table 1) . Using these mutants, we made a hybrid between ddm1-9 (C24) and ddm1-1 (Col). We confirmed the decrease of DNA methylation in the ddm1 homozygous hybrids by MeDIP-qPCR (SI Appendix, Fig.  S6 ). The RD in the ddm1 mutant hybrids was smaller throughout development than that in C24 × Col wild-type hybrids (Table 1 and Figs. 5 and 6 ). The reduction in the level of heterosis was greater at 18 DAS than at 14 DAS.
Using the backcrossing procedure (26), ddm1-1 in a Cvi background was made. We again used the first generation of the homozygous ddm1 mutation. The C24 × Cvi and Col × Cvi hybrids had heterotic RDs (Fig. 1) . We produced the ddm1-9 (C24) × ddm1-1 (Cvi) and ddm1-1 (Col) × ddm1-1 (Cvi) hybrids. The rosette size of both these two hybrids was smaller than the wild-type hybrids ( Fig. 6 and SI Appendix, Figs. S7 and S8), indicating that the DDM1 protein is involved in seedling heterosis. Crosses using the second generation of ddm1 mutants showed the same plant size as first-generation ddm1 mutant hybrids. To examine whether the decrease in heterosis in ddm1 hybrids is linked to the absence of DDM1 function, we made an F 1 hybrid between a heterozygote of the ddm1-9 mutation in C24 (DDM1/ ddm1) and a ddm1-1 homozygous mutant in Col (ddm1/ddm1). From 14 to 26 DAS, the average RD in the F 1 hybrid plants homozygous for ddm1 was smaller than the RDs of the heterozygous ddm1 plants (Fig. 7) . However, some plants heterozygous for ddm1 were smaller than the average of the RD in F 1 hybrid plants homozygous for ddm1 (Fig. 7) . This result was also observed in the combinations between C24 (ddm1/ddm1) and Col (DDM1/ ddm1), between Col (DDM1/ddm1) and C24 (ddm1/ddm1), between C24 (DDM1/ddm1) and Cvi (ddm1/ddm1), and between C24 (ddm1/ddm1) and Cvi (DDM1/ddm1) (SI Appendix, Fig. S9 ). These results suggest that the decrease in heterosis in the hybrid ddm1 homozygotes is associated with stochastic changes in the methylation state of loci either directly or indirectly contributing to the level of heterosis. The F 1 hybrid between C24 ddm1 and Col met1-1 is heterozygous for DDM1 and MET1 and has a wild-type heterosis level (SI Appendix, Fig. S10 ).
Discussion
It has been suggested that epigenetic systems may be involved in the alteration of gene expression in hybrids that, in turn, could contribute to the hybrid phenotype (12) . One epigenetic system that has been studied is the small RNA system, particularly the 24nt-siRNAs, which are involved in the modification of DNA methylation of many genes of the genome (16) . Some of the changes in DNA methylation in hybrids correlate with changes in transcription levels (11), but there is no consistent relationship among the changes in DNA methylation, the changes in transcription, and the generation of the heterotic phenotype.
We have considered the effects of three genes, POL IV, MET1, and DDM1, which are known to affect DNA methylation status, either directly or indirectly, of many loci in the genome. We have found that a loss of the RdDM system involving POL IV production of 24nt-siRNAs does not decrease the level of heterosis. The level of small siRNA expression in hybrids versus the levels of expression in the parents of the hybrids has been determined in rice, wheat, and maize, as well as in A. thaliana. In each of these species, a reduction in 24nt-siRNAs in the hybrid has been observed (13, 27, 28 
In maize, mutants in the MOP1 (Mediator of Paramutation 1) gene, an ortholog of RDR2 of A. thaliana, reduced the level of siRNAs (29) . Hybrids homozygous for the mop1 mutation retained their level of heterosis, indicating that siRNAs synthesized by MOP1 are not involved in generating the heterosis phenotype (27) , consistent with our finding with the pol IV mutants in A. thaliana. The second gene we studied was MET1, important in the maintenance of CG methylation (30) . The null mutant of MET1 reduces the frequency of CG methylation but does not reduce the level of heterosis, indicating that MET1-dependent CG maintenance of DNA methylation is not involved in heterosis in these hybrids.
The third gene we examined was DDM1. This gene has a number of different effects through modification of chromatin structure, with resultant effects on DNA methylation levels (15, 31) . We have examined seven loci in ddm1 hybrids and found DNA methylation to be reduced at these loci. These hybrids had a rosette diameter up to 25% smaller than the wild-type hybrid rosette at 14 DAS and up to 75% smaller than the wild-type hybrid rosette at 18 DAS. Hybrids heterozygous for the ddm1 mutation in general had a phenotype the same as wild-type hybrids, but up to 10% of the plants had a smaller rosette diameter. These DDM1/ddm1 hybrid plants with the smaller rosettes may result from the previous methylation state of the genome in the ddm1 parent. The ddm1 parent has progressive DNA demethylation over several generations with increasing levels of developmental abnormalities (26) . In the DDM1/ddm1 heterozygous hybrid, the gene or segments important for heterosis coming from the ddm1 parent might already have an altered level of DNA methylation. It is possible that in the crosses involving first-and second-generation ddm1 mutants, not all prospective targets important for the heterotic phenotype have been subjected to DNA demethylation.
The difference in heterosis levels between DDM1/ddm1 and ddm1/ddm1 hybrids could be due to an unrelated effect of ddm1 on growth. We think this possibility is unlikely because the firstgeneration ddm1 mutants in the C24 and Col parents used in these crosses have rosette diameters similar to the rosette diameters of the wild-type parents (Table 1) , consistent with the findings of Vongs et al. (31) who first described the ddm1 mutant. The level of heterosis in the rosette diameters in the ddm1/ddm1 hybrids is 10-25% lower than the rosette diameters of the wild-type hybrids when they are compared with their respective parents. Homozygous met1 plants can have reduced growth, but the level of heterosis is not altered (ref. 30 and Fig. 4) .
The fact that the dmm1/ddm1 hybrid plants have reduced heterosis contrasting to the hybrids carrying met1 and pol IV mutation is likely to be a consequence of the different modes of involvement of these three loci in the methylation process. The POL IV locus is responsible for the production of 24nt-siRNAs, which act as guides for de novo methylation of sequences homologous to the sRNA molecules and for the maintenance of the CHH methylation. MET1 operates as a principal maintenance mechanism for the CG methylation context. DDM1 is a nucleosome remodeler that, through changes in chromatin structure, leads to hypomethylated loci in all three sequence contexts, mostly associated with heterochromatic transposable elements that, in turn, may result in changes in patterns of gene expression affecting the level of hybrid vigor.
The scale of the reduction in the level of heterosis in the ddm1/ ddm1 hybrids could be due to the incomplete demethylation events caused by the ddm1 mutation in early generations of the homozygous mutant. The loci undergoing demethylation could have changes in their expression contributing to hybrid vigor. Another effect of the ddm1 allele is its propensity in successive generations to produce hypermethylation at some loci in the genome (32) . The relative importance of hypermethylation and hypomethylation in affecting heterosis together with the identity of the critical loci is not clear. The observation that there is only a partial loss of heterosis in ddm1/ddm1 hybrids may be due to the levels of changes of methylation status of loci across the genome, but it may also point to the existence of other pathways that play a role in the generation of hybrid vigor.
Materials and Methods
Plant Materials. Columbia-0 (Col), C24, and Cvi accessions were used as parental lines. Col and Cvi have "late" alleles of FLC and "inactive" alleles of FRI, C24 has an "early" allele of FLC and an "active" allele of FRI. The lines of ddm1-1 (Col) (31), ddm1-9 (C24) (33), met1-1 (Col) (30), nrpd1a-3 (Col) (SALK_128428), and sde4-2 (C24) (25) mutants were used. All reciprocal hybrids and backcross populations were generated by hand pollination. Plants were grown in growth chambers under a 16-h/8-h light/dark cycle at 22°C. Seeds were sown on plastic dishes containing Murashige and Skoog agar medium supplemented with 1.0% sucrose (pH 5.7), and were transferred to soil at 14 DAS. RD was measured for evaluation of plant size or heterosis. RD equals the maximum diameter of the rosette as measured between the two largest leaves at a certain point in development. RD depends on leaf blade and petiole length. The ddm1-1 mutant in Col or Cvi was the first generation of the ddm1 homozygous mutation. The second generations of ddm1 mutants were developed by self-pollination. In ddm1-9 in C24, we crossed ddm1-9 to wild-type C24 and gained the first generation of ddm1-9 homozygous mutant from the F 2 population, and first-and second-generation ddm1-9 mutants were used. Primer sequences used for genotyping of ddm1-1, ddm1-9, and met1-1 are shown in SI Appendix, Table S1 .
RNA Extraction and Expression Analysis. For RT-PCR or quantitative real-time (q) PCR, total RNA was isolated from leaves by using the SV Total RNA Isolation System (Promega). cDNA was synthesized from 500 ng of total RNA by ReverTra Ace qPCR RT Master Mix with gDNA Remover (Toyobo). For RT-PCR, absence of genomic DNA contamination was confirmed by the PCR of no RT control using EmeraldAmp MAX PCR Master Mix (Takara bio), and PCR conditions were 95°C for 3 min followed by 30 cycles of 95°C for 30 s, 55°C for 30 s, and 72°C for 30 s. RT-qPCR was performed by using a LightCycler Nano (Roche). The cDNA was amplified by using FastStart Essential DNA Green Master (Roche). PCR conditions were 95°C for 10 min followed by 40 cycles of 95°C for 10 s, 60°C for 10 s, and 72°C for 15 s, and Melting program (60-95°C at 0.1°C/s). After amplification cycles, each reaction was subjected to melt temperature analysis to confirm single amplified products. The relative expression level of each gene relative to ACTIN was calculated by using automatic CQ calling according to the manufacturer's instructions (Roche analyzed by using the Student's t test, P < 0.05. Primer sequences used in this study are shown in SI Appendix, Table S2 .
Small RNA Northern Blotting. RNA was extracted from 250-ng flowering buds by using mirVana miRNA Isolation Kit (Ambion). RNA was separated by electrophoresis in 15% (vol/vol) denaturing polyacrylamide/urea gel and transferred to HybondN+ (GE Healthcare) by electroblotting using TransBlot SD Semi-Dry Transfer Cell (Bio-Rad). Probe sequences used in this study are shown in SI Appendix, Table S3 . Membranes were hybridized with [γ-32 P] ATP-labeled oligonucleotides by using Ultra Hyb oligo Buffer (Ambion) at 40°C overnight. Membranes were washed twice at 40°C in 2× SSC, 0.5% SDS for 15 min, and exposed to X-ray film for 3 d (siRNA02 and siRNA1003) or 5 h (miR171) at −80°C.
Chop-PCR. Chop-PCR experiment was performed as described by Sasaki et al. (34) . Genomic DNAs were extracted from leaves by using DNeasy Plant Mini Kit (Qiagen). Fifty nanograms of genomic DNA was digested with Hae III in 20 μL of reaction mix at 37°C overnight. After restriction digestion, 1 μL of digested DNA was used as a template for PCR in 10 μL of reaction mix. The PCR conditions were 95°C for 2 min followed by 40 cycles of 95°C for 30 s, 55°C for 30 s, and 72°C for 30 s. Primers used for chop-PCR are listed in SI Appendix, Table S4 .
Bisulfite Sequencing. Genomic DNAs from leaves was isolated by using DNeasy Plant Mini Kit (Qiagen). Five hundred nanograms of DNA was fragmented by sonication, and fragments were ∼300-800 bp in length. MethylCode Bisulfite Conversion Kit (Thermo Fisher) was used for chemical bisulfite reaction, and PCR was performed by using bisulfite-treated DNAs as templates. PCR conditions were 95°C for 2 min followed by 40 cycles of 95°C for 30 s, 55°C for 30 s, and 72°C for 30 s. Amplified PCR fragments were gel purified by using GENECLEAN III Kit (MP Biomedicals) and cloned into pGEM-T Easy vector (Promega). Ten independent clones were sequenced. Primers used for bisulfite-sequence are listed in SI Appendix, Table S4 .
Methylated-DNA Immunoprecipitation-qPCR. Methylated-DNA Immunoprecipitation (MeDIP) was performed as described (35) . Genomic DNA isolation and fragmentation were the same as bisulfite sequencing described above, and anti-5-methylcytosine antibody (NA81, Merck Millipore) was used. MeDIP-qPCR was performed by the same methods as the RT-qPCR using the purified immunoprecipitated DNAs as templates. Primers used for MeDIP-qPCR are listed in SI Appendix, Table S4 .
Generation of RNAi Construct and Plant Transformation. The construct expressing double-strand RNA was created by using Gateway Technology according to the manufacturer's specifications (Invitrogen). The DNA fragment corresponding to MET1 was amplified by PCR, and PCR products were cloned into the vector pDONR201 by BP recombinase reaction. DNA fragments were inserted into pDONR201 and transferred into the vector pHELLSGATE12 (36) by LR recombinase reaction. The MET1 RNAi construct was transformed into the C24 accession via Agrobacterium tumefaciens strain C58C1 by the floral dip procedure (37) . Transgenic seedlings were selected through resistance to kanamycin on a selection medium. Primers used for constructing vector are listed in SI Appendix, Table S5 . 
